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(54) ROTATING UNBALANCED ROTOR HUBS AND INSTALLING WIND TURBINE ROTOR BLADES

(57) The present disclosure relates to methods for
rotating a locked rotor of a wind turbine in case of an
imbalance in a rotor plane of the rotor, comprising: rotat-
ing the rotor using an inching tool to apply torque on a
drive train of the wind turbine to reduce the imbalance in
the rotor plane; and removing a locking pin from a locking
disc operatively connected to the rotor after reducing the
imbalance in the rotor plane. The methods further com-

prise estimating a direction of a torque load due to the
imbalance in the rotor plane using one or more sensors,
and impeding the inching tool to apply torque on the drive
train of the wind turbine in the estimated direction of the
torque load due to the imbalance. The present disclosure
further relates to inching tools and to methods for install-
ing rotor blades on a hub of a wind turbine.



EP 4 438 890 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] The present disclosure relates to methods for
installing wind turbine rotor blades, and further relates to
methods for rotating a rotor of a wind turbine when the
rotor is unbalanced, particularly due to one or more rotor
blades having been mounted on a hub of the wind turbine,
and before all rotor blades have been mounted on the
hub.

BACKGROUND

[0002] Modern wind turbines are commonly used to
supply electricity into the electrical grid. Wind turbines of
this kind generally comprise a tower and a rotor arranged
on the tower. The rotor, which typically comprises a hub
and a plurality of blades, is set into rotation under the
influence of the wind on the blades. This rotation gener-
ates a torque that is normally transmitted through a rotor
shaft to a generator, either directly ("directly driven" or
"gearless") or through the use of a gearbox. This way,
the generator produces electricity which can be supplied
to the electrical grid.
[0003] A known way of mounting a wind turbine in-
cludes the steps of transporting the different elements to
the site of the wind turbine. A wind turbine tower may
typically comprise a plurality of tower sections which are
mounted or stacked on top of each other. The tower sec-
tions may be joined to each other at tower flanges.
[0004] A large crane may be used to hoist subsequent
tower sections and stack them on top of each other. After
assembling the tower sections, the wind turbine nacelle
may be lifted with the same large crane and can be
mounted on top of the tower. Then the wind turbine rotor
hub can be lifted with the crane and mounted to a rotor
shaft and/or the nacelle.
[0005] Additionally, one or more blades are mounted
to the wind turbine rotor hub. The rotor hub generally
comprises a plurality of annular mounting flanges with
openings. The blade can comprise a plurality of fasten-
ers, such as bolts, or pins or studs at its blade root. During
installation, these fasteners are to be fitted into the open-
ings in the mounting flanges.
[0006] It is also known to hoist a complete rotor as-
sembly, i.e. the hub with the plurality of blades, and mount
it to e.g. the nacelle. But in order to mount a complete
rotor assembly, a large surface area is required, which
is typically not available e.g. in the case of offshore wind
turbines.
[0007] It is further known to mount an incomplete rotor
assembly on the nacelle, e.g. the hub with two blades
and subsequently, mount the remaining blade. In these
cases, the rotor with the two blades is normally mounted
with the two blades pointing upwards, i.e. "bunny ears"
configuration. There is thus no need for rotating the wind
turbine rotor as the third blade could be vertically mount-

ed from below. However, in order to be able to perform
these operations, the prevailing wind speed has to be
below a predetermined value for a prolonged period of
time. The period of time depends on the expected length
of the installation step and a safety factor to be taken into
account.
[0008] It is also known to mount each of the plurality
of blades in a substantially horizontal orientation or in a
substantially vertical orientation. This means that individ-
ual installation steps may require less time and may be
performed at higher winds, thus increasing the time win-
dows available for installation.
[0009] Typically, to install a blade onto the wind turbine
hub, the large crane previously used to install e.g. the
tower, the nacelle and the rotor hub can be operated in
order to raise the blade relative to the rotor hub.
[0010] In a typical scenario, a rotor hub may be locked
in a specific position such that a first blade may be mount-
ed to the rotor hub, e.g. in a substantially horizontal or a
substantially vertical orientation. The rotor hub may be
locked by the introduction of one or more locking pins in
a locking disc which forms part of or is operatively con-
nected to a drive train of the wind turbine.
[0011] After mounting the first blade, the rotor hub is
unlocked, i.e. the locking pin(s) are removed from the
locking disc. The rotor hub is then rotated to another po-
sition such that the second blade may be mounted to the
hub. After mounting of the first blade, the rotor is subject-
ed to an imbalance. Specific "inching tools" may be used
to relatively slowly the unbalanced rotor.
[0012] It has been found that the unbalanced rotor may
cause loads on the locking pin which make it impossible
to remove the locking pin from the locking disc and thus
requires an activation of the inching tool to somewhat
compensate the imbalance and remove the locking pin(s)
from the locking disc.
[0013] The inching tool is installed and may be activat-
ed by qualified personnel. Unfortunately it has been
found that personnel may incorrectly mount and/or acti-
vate the inching tool such that the inching tool is rotated
in the wrong direction. This can damage the locking pin,
the locking disc and other parts of the drive train and/or
bedplate of the wind turbine. In order to avoid such mis-
takes, the personnel is provided with extensive instruc-
tions and is further known to provide markings in the wind
turbine itself which should avoid such mistakes. It has
been found however that in spite of instructions, markings
and other measures, mistakes can still be made.
[0014] The present disclosure provides methods and
devices to at least partially overcome some of the afore-
mentioned drawbacks.

SUMMARY

[0015] In an aspect of the present disclosure, a method
for rotating a locked rotor of a wind turbine is provided in
a situation of an imbalance in a rotor plane of the rotor.
The method comprises rotating the rotor using an inching
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tool to apply torque on a drive train of the wind turbine to
reduce the imbalance in the rotor plane, removing a lock-
ing pin from a locking disc operatively connected to the
rotor after reducing the imbalance in the rotor plane and
rotating the rotor to a desired position. In the method,
rotating the rotor to reduce the imbalance in the rotor
plane comprises estimating a direction of a torque load
due to the imbalance in the rotor plane using one or more
sensors, and impeding the inching tool to apply torque
on the drive train of the wind turbine in the estimated
direction of the torque load due to the imbalance.
[0016] According to this aspect, a method is provided
in which the inching tool cannot be wrongly used. The
imbalance in the rotor plane (e.g. caused by installing of
a first or a first and second wind turbine blade) is deter-
mined, and the inching tool is prohibited from rotating in
the direction of the imbalance. Therefore, even if an op-
erator were to activate the inching tool in the wrong di-
rection, the inching tool cannot carry it out. The drive train
of the wind turbine and entire installation on tope of the
tower may thus be protected from damage in this proce-
dure.
[0017] In an additional aspect, an inching tool config-
ured to rotate a rotor of a wind turbine is provided. The
inching tool comprises one or more drives to apply a
torque to a drive train of the wind turbine to rotate the
rotor and a data acquisition unit configured to receive
data from one or more sensors arranged to measure
loads or deflections due to an imbalance in a rotor plane
of the rotor. The inching tool further comprises a control
unit configured to determine a rotational direction of the
imbalance in the rotor plane based at least partially on
the data from the sensors and further configured to im-
pede the drives to apply torque to the drive train in the
determined rotational direction of the imbalance when
the rotor is locked.
[0018] In yet an additional aspect, a method for mount-
ing a plurality of blades on a rotor of a wind turbine is
provided. The method comprises locking a rotor hub of
the wind turbine in a first mounting position by a locking
pin in a locking disc operatively connected to the rotor
hub and mounting a first blade of the plurality of blades
on the rotor hub, while the rotor hub is locked in a first
mounting position. The method then further comprises
rotating the rotor using an inching tool to apply torque on
a drive train of the wind turbine to reduce the imbalance
in the rotor plane and removing the locking pin from the
locking disc after reducing the imbalance in the rotor
plane and further rotating the rotor to a second mounting
position. Rotating the rotor to reduce the imbalance in
the rotor plane herein comprises estimating a direction
of a torque load due to the imbalance in the rotor plane
caused by the first blade using one or more sensors, and
impeding the inching tool to apply torque on the drive
train of the wind turbine in the estimated direction.
[0019] Additional objects, advantages and features of
embodiments of the present disclosure will become ap-
parent to those skilled in the art upon examination of the

description, or may be learned by practice.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 schematically illustrates a perspective view
of one example of a wind turbine;

Figure 2 illustrates an example of a hub and a nacelle
of a wind turbine;

Figures 3 and 4 schematically illustrate an example
of a drive train of a wind turbine and a load path
through components of the drive train;

Figure 5 schematically illustrates a flowchart of an
example for rotating a rotor in the case of an imbal-
ance in the rotor plane; and

Figure 6 shows a flowchart of an example for mount-
ing rotor blades toa rotor hub.

DETAILED DESCRIPTION OF EXAMPLES

[0021] Reference now will be made in detail to embod-
iments of the disclosure, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation, not as a limitation. In fact, it will
be apparent to those skilled in the art that various mod-
ifications and variations can be made in the present dis-
closure without departing from the scope or spirit of the
teaching. For instance, features illustrated or described
as part of one embodiment can be used with another
embodiment to yield a still further embodiment. Thus, it
is intended that the present disclosure covers such mod-
ifications and variations as come within the scope of the
appended claims and their equivalents.
[0022] Figure 1 is a perspective view of an example of
a wind turbine 10. In the example, the wind turbine 10 is
a horizontal-axis wind turbine. Alternatively, the wind tur-
bine 10 may be a vertical-axis wind turbine. In the exam-
ple, the wind turbine 10 includes a tower 15 that extends
from a support system 14 on a ground 12, a nacelle 16
mounted on tower 15, and a rotor 18 that is coupled to
nacelle 16. The rotor 18 includes a rotatable hub 20 and
at least one rotor blade 22 coupled to and extending out-
ward from the hub 20. In the example, the rotor 18 has
three rotor blades 22. In an alternative embodiment, the
rotor 18 includes more or less than three rotor blades 22.
The tower 15 may be fabricated from tubular steel to de-
fine a cavity (not shown in figure 1) between a support
system 14 and the nacelle 16. In an alternative embod-
iment, the tower 15 is any suitable type of a tower having
any suitable height. According to an alternative, the tower
can be a hybrid tower comprising a portion made of con-
crete and a tubular steel portion. Also, the tower can be
a partial or full lattice tower.
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[0023] The rotor blades 22 are spaced about the hub
20 to facilitate rotating the rotor 18 to enable kinetic en-
ergy to be transferred from the wind into usable mechan-
ical energy, and subsequently, electrical energy. The ro-
tor blades 22 are mated to the hub 20 by coupling a blade
root portion 24 to the hub 20 at a plurality of load transfer
regions 26. The load transfer regions 26 may have a hub
load transfer region and a blade load transfer region (both
not shown in figure 1). Loads induced to the rotor blades
22 are transferred to the hub 20 via the load transfer
regions 26.
[0024] In examples, the rotor blades 22 may have a
length ranging from about 15 meters (m) to about 90 m
or more. Rotor blades 22 may have any suitable length
that enables the wind turbine 10 to function as described
herein. For example, non-limiting examples of blade
lengths include 20 m or less, 37 m, 48.7 m, 50.2m, 52.2
m or a length that is greater than 91 m. As wind strikes
the rotor blades 22 from a wind direction 28, the rotor 18
is rotated about a rotor axis 30. As the rotor blades 22
are rotated and subjected to centrifugal forces, the rotor
blades 22 are also subjected to various forces and mo-
ments. As such, the rotor blades 22 may deflect and/or
rotate from a neutral, or non-deflected, position to a de-
flected position.
[0025] Moreover, a pitch angle of the rotor blades 22,
i.e., an angle that determines an orientation of the rotor
blades 22 with respect to the wind direction, may be
changed by a pitch system 32 to control the load and
power generated by the wind turbine 10 by adjusting an
angular position of at least one rotor blade 22 relative to
wind vectors. Pitch axes 34 of rotor blades 22 are shown.
During operation of the wind turbine 10, the pitch system
32 may particularly change a pitch angle of the rotor
blades 22 such that the angle of attack of (portions of)
the rotor blades are reduced, which facilitates reducing
a rotational speed and/or facilitates a stall of the rotor 18.
[0026] In the example, a blade pitch of each rotor blade
22 is controlled individually by a wind turbine controller
36 or by a pitch control system 80. Alternatively, the blade
pitch for all rotor blades 22 may be controlled simultane-
ously by said control systems.
[0027] Further, in the example, as the wind direction
28 changes, a yaw direction of the nacelle 16 may be
rotated about a yaw axis 38 to position the rotor blades
22 with respect to wind direction 28.
[0028] In the example, the wind turbine controller 36
is shown as being centralized within the nacelle 16, how-
ever, the wind turbine controller 36 may be a distributed
system throughout the wind turbine 10, on the support
system 14, within a wind farm, and/or at a remote-control
center. The wind turbine controller 36 includes a proces-
sor 40 configured to perform the methods and/or steps
described herein. Further, many of the other components
described herein include a processor.
[0029] As used herein, the term "processor" is not lim-
ited to integrated circuits referred to in the art as a com-
puter, but broadly refers to a controller, a microcontroller,

a microcomputer, a programmable logic controller (PLC),
an application specific, integrated circuit, and other pro-
grammable circuits, and these terms are used inter-
changeably herein. It should be understood that a proc-
essor and/or a control system can also include memory,
input channels, and/or output channels.
[0030] Figure 2 is an enlarged sectional view of a por-
tion of the wind turbine 10. In the example, the wind tur-
bine 10 includes the nacelle 16 and the rotor 18 that is
rotatably coupled to the nacelle 16. More specifically, the
hub 20 of the rotor 18 is rotatably coupled to an electric
generator 42 positioned within the nacelle 16 by the main
shaft 44, a gearbox 46, a high-speed shaft 48, and a
coupling 50. In the example, the main shaft 44 is disposed
at least partially coaxial to a longitudinal axis (not shown)
of the nacelle 16. A rotation of the main shaft 44 drives
the gearbox 46 that subsequently drives the high-speed
shaft 48 by translating the relatively slow rotational move-
ment of the rotor 18 and of the main shaft 44 into a rel-
atively fast rotational movement of the high-speed shaft
48. The latter is connected to the generator 42 for gen-
erating electrical energy with the help of a coupling 50.
Furthermore, a transformer 90 and/or suitable electron-
ics, switches, and/or inverters may be arranged in the
nacelle 16 in order to transform electrical energy gener-
ated by the generator 42 having a voltage between 400V
to 1000 V into electrical energy having medium voltage
e.g., 10 - 35 KV. Said electrical energy is conducted via
power cables from the nacelle 16 into the tower 15.
[0031] The gearbox 46, generator 42 and transformer
90 may be supported by a main support structure frame
of the nacelle 16, optionally embodied as a main frame
52. The gearbox 46 may include a gearbox housing that
is connected to the main frame 52 by one or more torque
arms 103. In the example, the nacelle 16 also includes
a main forward support bearing 60 and a main aft support
bearing 62. Furthermore, the generator 42 can be mount-
ed to the main frame 52 by decoupling support means
54, in particular in order to prevent vibrations of the gen-
erator 42 to be introduced into the main frame 52 and
thereby causing a noise emission source.
[0032] Optionally, the main frame 52 is configured to
carry the entire load caused by the weight of the rotor 18
and components of the nacelle 16 and by the wind and
rotational loads, and furthermore, to introduce these
loads into the tower 15 of the wind turbine 10. The rotor
shaft 44, generator 42, gearbox 46, high speed shaft 48,
coupling 50, and any associated fastening, support,
and/or securing device including, but not limited to, sup-
port 52, and forward support bearing 60 and aft support
bearing 62, are sometimes referred to as a drive train 64.
[0033] In some examples, the wind turbine may be a
direct drive wind turbine without gearbox 46. Generator
42 operate at the same rotational speed as the rotor 18
in direct drive wind turbines. They therefore generally
have a much larger diameter than generators used in
wind turbines having a gearbox 46 for providing a similar
amount of power than a wind turbine with a gearbox.
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[0034] The nacelle 16 may also include a yaw drive
mechanism 56 that may be used to rotate the nacelle 16
and thereby also the rotor 18 about the yaw axis 38 to
control the perspective of the rotor blades 22 with respect
to the wind direction 28.
[0035] For positioning the nacelle 16 appropriately with
respect to the wind direction 28, the nacelle 16 may also
include at least one meteorological measurement system
58 which may include a wind vane and anemometer. The
meteorological measurement system 58 can provide in-
formation to the wind turbine controller 36 that may in-
clude wind direction 28 and/or wind speed. In the exam-
ple, the pitch system 32 is at least partially arranged as
a pitch assembly 66 in the hub 20. The pitch assembly
66 includes one or more pitch drive systems 68 and at
least one sensor 70. Each pitch drive system 68 is cou-
pled to a respective rotor blade 22 (shown in figure 1) for
modulating the pitch angle of a rotor blade 22 along the
pitch axis 34. Only one of three pitch drive systems 68
is shown in figure 2.
[0036] In the example, the pitch assembly 66 includes
at least one pitch bearing 72 coupled to hub 20 and to a
respective rotor blade 22 (shown in figure 1) for rotating
the respective rotor blade 22 about the pitch axis 34. The
pitch drive system 68 includes a pitch drive motor 74, a
pitch drive gearbox 76, and a pitch drive pinion 78. The
pitch drive motor 74 is coupled to the pitch drive gearbox
76 such that the pitch drive motor 74 imparts mechanical
force to the pitch drive gearbox 76. The pitch drive gear-
box 76 is coupled to the pitch drive pinion 78 such that
the pitch drive pinion 78 is rotated by the pitch drive gear-
box 76. The pitch bearing 72 is coupled to pitch drive
pinion 78 such that the rotation of the pitch drive pinion
78 causes a rotation of the pitch bearing 72.
[0037] Pitch drive system 68 is coupled to the wind
turbine controller 36 for adjusting the pitch angle of a
rotor blade 22 upon receipt of one or more signals from
the wind turbine controller 36. In the example, the pitch
drive motor 74 is any suitable motor driven by electrical
power and/or a hydraulic system that enables pitch as-
sembly 66 to function as described herein. Alternatively,
the pitch assembly 66 may include any suitable structure,
configuration, arrangement, and/or components such as,
but not limited to, hydraulic cylinders, springs, and/or ser-
vomechanisms. In certain embodiments, the pitch drive
motor 74 is driven by energy extracted from a rotational
inertia of hub 20 and/or a stored energy source (not
shown) that supplies energy to components of the wind
turbine 10.
[0038] The pitch assembly 66 may also include one or
more pitch control systems 80 for controlling the pitch
drive system 68 according to control signals from the
wind turbine controller 36, in case of specific prioritized
situations and/or during rotor 18 overspeed. In the ex-
ample, the pitch assembly 66 includes at least one pitch
control system 80 communicatively coupled to a respec-
tive pitch drive system 68 for controlling pitch drive sys-
tem 68 independently from the wind turbine controller 36.

In the example, the pitch control system 80 is coupled to
the pitch drive system 68 and to a sensor 70. During
normal operation of the wind turbine 10, the wind turbine
controller 36 may control the pitch drive system 68 to
adjust a pitch angle of rotor blades 22.
[0039] According to an embodiment, a power genera-
tor 84, for example comprising a battery and electric ca-
pacitors, is arranged at or within the hub 20 and is coupled
to the sensor 70, the pitch control system 80, and to the
pitch drive system 68 to provide a source of power to
these components. In the example, the power generator
84 provides a continuing source of power to the pitch
assembly 66 during operation of the wind turbine 10. In
an alternative embodiment, power generator 84 provides
power to the pitch assembly 66 only during an electrical
power loss event of the wind turbine 10. The electrical
power loss event may include power grid loss or dip, mal-
functioning of an electrical system of the wind turbine 10,
and/or failure of the wind turbine controller 36. During the
electrical power loss event, the power generator 84 op-
erates to provide electrical power to the pitch assembly
66 such that pitch assembly 66 can operate during the
electrical power loss event.
[0040] In the example, the pitch drive system 68, the
sensor 70, the pitch control system 80, cables, and the
power generator 84 are each positioned in a cavity 86
defined by an inner surface 88 of hub 20. In an alternative
embodiment, said components are positioned with re-
spect to an outer roof surface of hub 20 and may be
coupled, directly or indirectly, to the outer roof surface.
[0041] Figure 3 schematically illustrates an example
of a (part of a) drive train of a wind turbine and a load
path through components of the drive train. And figure 4
provides a different view of the same example. The drive
train of the wind turbine in this example comprises a wind
turbine rotor, a low speed shaft 44, a gearbox 46 and a
high speed shaft 48. The high speed shaft 48 may drive
a rotor of a generator (not illustrated in this figure).
[0042] In operation, rotation of the hub will rotate the
low speed shaft 44, which may also be called the main
rotor shaft. The low speed shaft 44 may be supported in
the main frame 52 (which may also be called "bedplate")
through one or more bearings (not illustrated). The rela-
tively slow rotation of the low speed shaft 44 is converted
by the gearbox 46 into a fast rotation of high speed shaft
48.
[0043] The wind turbine rotor includes a rotor hub 20
and a plurality of blades 22. In the situation illustrated in
figure 3, only a single blade 22 has been mounted on the
hub 20. This leads to an imbalance in the rotor plane due
to the weight of the blade 22.
[0044] Further illustrated in figure 3 is a locking disc
which is operatively connected with the low speed shaft
44. The locking disc 100 may be mounted over the low
speed shaft 44. The locking disc 100 comprises a plurality
of holes. A locking pin 118 may be inserted into one of
these holes. Thereby the locking disc is locked in place
and cannot rotate. Because of the operative connection
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with the low speed shaft 44 (and thereby the remainder
of the drive train), the rotor can also not rotate.
[0045] Locking of the rotor may be done in order to
carry out certain maintenance operation, but in the
present case, locking is used during installation of the
wind turbine, and more particularly for mounting blades
22 onto the rotor hub 20. Also in this example, a locking
disc 100 with a single locking pin 118 is shown, it should
be clear that multiple locking pins may be used with a
single locking disc. In other examples, multiple locking
discs may be provided.
[0046] In the situation illustrated in figure 3, a single
blade 22 has been mounted to the hub 22. The weight
of the single blade causes a vertical force downwards,
and a rotational torque about a central axis of the rotor
hub 20. The rotational torque is absorbed by the locking
pin in one of the holes of the locking disc.
[0047] After installation of one of the blades, the rotor
hub 20 may need to be rotated to a different position so
that a subsequent blade 22 may be installed. When
mounting such a blade, the locking disc may again be
locked by the locking pin 118, which in this situation is
inserted in a different hole of the locking disc.
[0048] In order to rotate the hub 20 and blade 22 in the
case of an imbalance, an inching tool 104 may be used.
The inching tool 104 may drive the high speed shaft in a
desired direction to rotate the hub to the next desired
position.
[0049] Before actually rotating the hub, the locking pin
first needs to be released from the locking disc. In order
to reduce the loads on the locking pin prior to its release,
inching tool 104 may be used. The inching tool 104 is to
be rotated in a direction to reduce the imbalance in the
rotor.
[0050] Figure 4 shows the locking disc 100 and locking
pin 118 in more detail. The locking pin 118 may be driven
using an actuator 116 attached at a back side of housing
or "pillow block" 120. Actuator 116 may be configured as
or comprise a threaded actuator, which threadedly en-
gages the locking pin 118 to displace axially by rotating
the threaded actuator in one direction or the other. On
either side of the housing 120, in this example, sensors
112 and 114 are mounted. Further details of figure 4 will
be commented hereinafter with reference to a method
200 illustrated in figure 5.
[0051] In an aspect of the present disclosure, a method
200 for rotating a locked rotor of a wind turbine in a sit-
uation of an imbalance in the rotor plane of the rotor is
provided. Such a method 200. The method 200 compris-
es, rotating the rotor, at block 230 using an inching tool
to apply torque on a drive train of the wind turbine to
reduce the imbalance in the rotor plane. The method fur-
ther comprises, at block 240, removing a locking pin 110
from a locking disc 100 which is operatively connected
to the rotor after reducing the imbalance in the rotor plane.
The method then comprises, at block 250, (further) ro-
tating the rotor to a desired position.
[0052] According to this method 200, rotating the rotor

to reduce the imbalance in the rotor plane comprises es-
timating, at block 210, a direction of a torque load due to
the imbalance in the rotor plane using one or more sen-
sors, and impeding, at block 220, the inching tool to apply
torque on the drive train of the wind turbine in the esti-
mated direction of the torque load due to the imbalance.
That is, the inching tool is not allowed to be operated in
the wrong direction of rotation. To this end, the direction
of rotation of the imbalance in the rotor is determined
first, and only an operation of the inching tool in the op-
posite direction is allowed.
[0053] In examples, the imbalance in the rotor plane
is due to two rotor blades being mounted to the rotor. In
general, the imbalance of the rotor may be caused by
mounting less than all blades to the rotor. In examples,
the method 200 may further comprise mounting a further
rotor blade to the rotor after rotating the rotor to the de-
sired position.
[0054] In examples, the sensors for estimating a direc-
tion of torque load due to the imbalance in the rotor plane
comprise strain gauges. Strain gauges are well-known
and used to measure strain on an object. The gauge may
be attached to a component by a suitable adhesive. As
the component is deformed, a foil of the strain gauge may
be deformed, causing its electrical resistance to change.
An imbalance in the rotor plane will cause unbalanced
loads in the hub 20, which will be transmitted to the low
speed shaft 44, to the main frame 52 (through the bear-
ings supporting the low speed shaft 44), and to the gear-
box and high speed shaft. The locking disc 100 is mount-
ed over the low speed shaft 44 in this example and may
also be subjected to unbalanced loads. A locking mech-
anism 102 may comprise a locking pin 118 (further illus-
trated in figure 4) which can be inserted in one of the
holes of the locking disc 100 and maintains the rotor
locked will also be subjected to the loads. The strain
caused by such unbalanced loads may thus be measured
at multiple positions.
[0055] In some examples, the sensors may comprise
optical sensors. A deflection of a component caused by
specific loads may also be measured using other sen-
sors, like optical sensors.
[0056] In some examples, the estimating the direction
of the torque load due to imbalance may comprise meas-
uring a load on or deflection of the locking pin 118.
[0057] Additionally or alternatively, estimating the di-
rection of the torque load due to imbalance may comprise
measuring a load on or deflection of the locking disc. In
a specific example, estimating the direction of the torque
load comprises measures a distance between the locking
disk and a frame of the wind turbine. Such an example
may be illustrated with reference to figure 4. In figure 4,
a first optical sensor 112 and a second optical sensor
114 are provided. It has been found that an imbalance
in the rotor plane, specifically caused by having at least
one rotor blade, but not all rotor blades installed can
cause a bending moment in the locking disc 100. On one
side of housing 120, the locking disc 100 will have a ten-
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dency to move axially forward (or rearward, depending
on the loading of the hub), and on the other side of the
housing 120, the locking disc will have a tendency to
move axially rearward (or forward, depending on the
loading of the hub). Optical sensors 112, 114 (or other
suitable proximity sensors) may be used to detect such
a deflection of the locking disc and thereby determine
the loading on the hub.
[0058] In this specific example, estimating the direction
of the torque load due to the imbalance in the rotor plane
may comprise comparing readings from a plurality of sen-
sors while the rotor is subjected to the unbalanced load.
The readings of sensor 112 will show an opposite pattern
to the readings of sensor 114.
[0059] In another example, estimating the direction of
the torque load due to the imbalance in the rotor plane
comprises monitoring a single sensor reading prior to
and while the rotor is subjected to the unbalanced load.
If a single sensor is used, the correct determination of
the imbalance in the rotor plane may still be made when
using readings e.g. prior to installing a blade, and after
installing a blade. Particularly, the variation in the read-
ings over time can indicate the imbalance that has been
introduced.
[0060] In a further aspect of the present disclosure, an
inching tool 104 configured to rotate a rotor of a wind
turbine is provided. The inching tool 104 comprises one
or more drives 122 to apply a torque to a drive train of
the wind turbine to rotate the rotor. The inching tool 104
further comprises a data acquisition unit 124 configured
to receive data from one or more sensors arranged to
measure loads or deflections due to an imbalance in a
rotor plane of the rotor and further comprises a control
unit 126 configured to determine a rotational direction of
the imbalance in the rotor plane based at least partially
on the data from the sensors. The control unit is further
configured to impede the drives 122 to apply torque to
the drive train in the determined rotational direction of
the imbalance when the rotor is locked.
[0061] In some examples, the one or more drives 122
may include comprise a gearbox and a pinion configured
to engage with an annular gear.
[0062] In the example illustrated in figure 3, the inching
tool 104 is configured to apply torque to a high speed
shaft 48 of the wind turbine. By arranging the inching tool
104 with the high speed shaft, the inching tool 104 does
not have to provide a large torque. A relatively small and
quick torque is converted by the gearbox 46 in a high and
slow torque in the low speed shaft 44. In other examples,
the inching tool 104 may be arranged elsewhere.
[0063] The data acquisition unit 124 may have suitable
wires or a suitable wireless connection with sensors ar-
ranged in the wind turbine. The control system 126 is
configured to, based on the data from the sensors, de-
termine a direction of the imbalance in the rotor. The con-
trol system 126 can then block operation in that direction,
i.e. even if an operator were to give a signal to start ro-
tating in that specific direction, an override signal can be

issued which blocks the inching tool 104.
[0064] In examples, the data acquisition unit 124 may
form part of the control system 126.
[0065] Figure 6 schematically illustrates an example
of a method 300 for mounting a plurality of blades on a
rotor of a wind turbine according to a further aspect of
the present disclosure. The method comprises, at block
310, locking a rotor hub 20 of the wind turbine in a first
mounting position by introducing a locking pin 118 in a
locking disc 100 which is operatively connected to the
rotor hub 20. The method further comprises, at block 320,
mounting a first blade of the plurality of blades on the
rotor hub, while the rotor hub is locked in a first mounting
position.
[0066] The method then comprises, at block 330, es-
timating a direction of a torque load due to the imbalance
in the rotor plane caused by the first blade using one or
more sensors. Suitable sensor have been illustrated
hereinbefore. At block 340, the inching tool is impeded
from applying torque on the drive train of the wind turbine
in the estimated direction. In examples, a suitable control
system of the inching tool may impede this rotation.
[0067] Then, the method may further comprises, at
block 350, rotating the rotor using an inching tool 104 to
apply torque on a drive train of the wind turbine to reduce
the imbalance in the rotor plane. I.e. a rotation in the
opposite direction is allowed. The rotation will reduce the
loads on the locking pin. In examples, the imbalance may
be substantially completely compensated by the inching
tool 104.
[0068] The method further comprises, at block 360, re-
moving the locking pin from the locking disc after reducing
the imbalance in the rotor plane, and at block 370, further
rotating the rotor to a second mounting position.
[0069] In examples, the method 300 may comprise, at
block 380, locking the rotor in the second mounting po-
sition, and at block 390, mounting a second blade of the
plurality of blades while the rotor hub is in the second
mounting position.
[0070] The steps of determining the direction of the
imbalance and impeding further rotation in that direction
may be repeated prior to installing a third wind turbine
rotor blade.
[0071] The same methods and systems as illustrated
hereinbefore may be used for determining the direction
of the imbalance in the rotor plane and impeding the inch-
ing tool from acting further in that direction.
[0072] This written description uses examples to dis-
close the teaching, including the preferred embodiments,
and also to enable any person skilled in the art to practice
the teaching, including making and using any devices or
systems and performing any incorporated methods. The
patentable scope is defined by the claims, and may in-
clude other examples that occur to those skilled in the
art. Such other examples are intended to be within the
scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if
they include equivalent structural elements with insub-
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stantial differences from the literal languages of the
claims. Aspects from the various embodiments de-
scribed, as well as other known equivalents for each such
aspects, can be mixed and matched by one of ordinary
skill in the art to construct additional embodiments and
techniques in accordance with principles of this applica-
tion. If reference signs related to drawings are placed in
parentheses in a claim, they are solely for attempting to
increase the intelligibility of the claim, and shall not be
construed as limiting the scope of the claim.

Claims

1. A method for rotating (200) a locked rotor of a wind
turbine in a situation of an imbalance in a rotor plane
of the rotor, the method comprising:

rotating (230) the rotor using an inching tool to
apply torque on a drive train of the wind turbine
to reduce the imbalance in the rotor plane;
removing (240) a locking pin from a locking disc
operatively connected to the rotor after reducing
the imbalance in the rotor plane; and
rotating (250) the rotor to a desired position,
wherein
rotating the rotor to reduce the imbalance in the
rotor plane comprises:

estimating (210) a direction of a torque load
on the rotor due to the imbalance in the rotor
plane using one or more sensors, and
impeding (220) the inching tool to apply
torque on the drive train of the wind turbine
in the estimated direction of the torque load
on the rotor due to the imbalance.

2. The method of claim 1, wherein the sensors com-
prise strain gauges.

3. The method of claim 1 or 2, wherein the sensors
comprise optical sensors (112, 114).

4. The method of any of claims 1 - 3, wherein estimating
the direction of the torque load due to the imbalance
in the rotor plane comprises monitoring a single sen-
sor reading prior to and while the rotor is subjected
to the unbalanced load.

5. The method of any of claims 1 - 3, wherein estimating
the direction of the torque load due to the imbalance
in the rotor plane comprises comparing readings
from a plurality of sensors while the rotor is subjected
to the unbalanced load.

6. The method according to any of claims 1-5, wherein
the estimating the direction of the torque load due to
imbalance comprises measuring a load on or deflec-

tion of the locking pin (118).

7. The method according to any of claims 1-6, wherein
estimating the direction of the torque load due to im-
balance comprises measuring a load on or deflection
of the locking disc (110).

8. The method according to claim 7, wherein estimating
the direction of the torque load comprises measuring
a distance between the locking disk (110) and a
frame (52) of the wind turbine.

9. The method of any of claims 1-8, wherein the imbal-
ance in the rotor plane is due to one or two rotor
blades (22) being mounted to a rotor hub (20).

10. The method of any of claims 1-9, the method further
comprising mounting a further rotor blade (22) to the
rotor hub (20) after rotating the rotor to the desired
position.

11. The method of claim 10, wherein comprising mount-
ing the further rotor blade (22) comprises:

rotating the rotor to a further mounting position;
locking the rotor in the further mounting position;
and
mounting the further blade while the rotor hub
is in the further mounting position.

12. An inching tool (104) configured to rotate a rotor of
a wind turbine comprising:

one or more drives (122) to apply a torque to a
drive train of the wind turbine to rotate the rotor;
a data acquisition unit (124) configured to re-
ceive data from one or more sensors arranged
to measure loads or deflections due to an im-
balance in a rotor plane of the rotor; and
a control unit (126) configured to determine a
rotational direction of the imbalance in the rotor
plane based at least partially on the data from
the sensors and further configured to impede
the drives to apply torque to the drive train in the
determined rotational direction of the imbalance
when the rotor is locked.

13. The inching tool according to claim 12, wherein the
drives comprise a gearbox and a pinion configured
to engage with an annular gear.

14. The inching tool according to claim 12 or 13, config-
ured to apply torque to a high speed shaft (48) of the
wind turbine.

15. The inching tool according to any of claims 12 - 14,
wherein the sensors arranged to measure loads or
deflections due to an imbalance in a rotor plane of
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the rotor comprise strain gauges and/or optical sen-
sors.
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